This study tested the hypothesis that the community composition of Chironomidae will change according to the duration of the exposure of plant leaves in a subtropical stream. In addition, we expected the chemical quality of the detritus to affect the association of Chironomidae with decaying plant materials. The chironomid colonisation of leaf litter from Campomanesia xanthocarpa and Sebastiania brasiliensis was assessed in a subtropical Atlantic forest stream. Litter bags containing leaves from these two species were incubated in the stream for 22 days. We identified 7245 invertebrates associated with the leaf detritus of both plant species (5110 were Chironomidae, 70.7% of the total). Thirteen genera of Chironomidae were identified, with Rheotanytarsus, Thienemanniella and Corynoneura the most abundant (94% of all Chironomidae collected). Chironomidae assemblages changed with the duration of incubation in the stream. The dissimilarity and the functional composition of the Chironomidae communities were related to the chemical composition of the detritus. The chemical components that best explained the composition of the fauna were tannins, the C:N ratio, calcium, and magnesium. However, the functional feeding groups were explained by the chemical variables organic matter and C:N. This study found that the exposure time of the detritus and therefore its level of degradation and chemical composition are important factors determining the characteristics of the Chironomidae assemblage in subtropical streams.
Introduction
Low-order streams with established riparian vegetation depend on the input of allochthonous material for their ecological processes because the primary productivity of these streams is low (Vannote et al., 1980) . The incoming plant detritus in these environments is an important energy source for the functional ecology of lotic systems, serving as a food resource and providing shelter to benthic communities (Moretti et al., 2007) . The decomposition of leaves involves physical abrasion, microbial conditioning and fragmentation by invertebrates (Shieh et al., 2007; Yule et al., 2009) . During the decomposition of leaf litter, the invertebrate shredders transform the coarse particulate organic matter into fine particulate organic matter (Allan and Castillo, 2007) . The shredders have an important role in processing particles of organic matter and in releasing nutrients that can be further used by other organisms (Graç a, 2001; Tanaka et al., 2006) . Although the contribution of shredders is best understood in temperate regions, it is believed that in tropical streams the action of fungi is more important for the decomposition of detritus (Boyero et al., 2012) . However, the importance of shredders in tropical and subtropical regions may be underestimated because the role of this feeding habit has not been confirmed by direct observations of the food consumed or by analysis of stomach contents (Cheshire et al., 2005; Boyero et al., 2012) .
Certain types of detritus are especially attractive to invertebrates. The attractiveness of a given type of detritus depends on the chemical composition, physical structure, stage of microbial colonisation and level of degradation of the detritus, which can vary according to the exposure time in the stream (Ligeiro et al., 2010) . Different chemical compositions of detritus can influence the food preferences of shredders and other organisms that use litter as a food resource (Ardón and Pringle, 2008) . High nitrogen concentrations, combined with microbial colonisation of the leaves, produce highly palatable detritus (Leroy and Marks, 2006; Shieh et al., 2007) . However, leaves of low nutritional quality (high C:N ratio and secondary compounds) may explain the low participation of shredders in the decomposition of leaf material (Graç a and Cressa, 2010). Moreover, chemical compounds from the leaf are presumably related to plant defence mechanisms. Lignin and cellulose cause detritus to be rigid and protect it against herbivory (Boyero et al., 2012) . Polyphenolic compounds have a repellent effect on organisms and produce decreased densities of invertebrates (Hepp et al., 2008) . Thus, high nitrogen and low concentrations of compounds that inhibit herbivory have the potential to attract higher densities of invertebrates (Graç a and Cressa, 2010) .
The physical and chemical characteristics of each type of leaf may determine the association of invertebrate larvae with detritus. Temporal variation in invertebrate colonisation may result from different levels of plant degradation during decomposition or community succession (Ligeiro et al., 2010) . The leaf fragmentation levels are altered in response to the exposure time due to the loss of soluble compounds and the increase of nutrients resulting from microbial colonisation (Webster and Benfield, 1986; Ligeiro et al., 2010) . Leaves with low nutritional quality and high concentrations of secondary compounds are unpalatable to invertebrates. However, such leaves represent a resource over longer time scales in the aquatic environment because they are more stable and durable than highly nutritious detritus (Haapala et al., 2001) . Thus, the association of larvae with the decay of detritus can reflect many factors involved in the ecological processing of allochthonous material.
Recent studies have demonstrated that the chemical quality of leaf detritus influences invertebrate community structure (Leroy and Marks, 2006; Ligeiro et al., 2010) and the occurrence of certain functional feeding groups (Graç a and Cressa, 2010). However, the few previous studies that have addressed the association of chironomid larvae with detritus revealed a relationship between the chemical composition of the detritus and the community composition of the chironomids (Wantzen and Wagner, 2006; Hepp et al., 2008) . The Chironomidae are dominant in streams and inhabit numerous substrates (Mathuriau and Chauvet, 2002; Gonç alves et al., 2006) . In certain stream habitats, chironomid larvae may be associated with plant detritus (Hirabayashi and Wotton, 1999; Cheshire et al., 2005) . Certain species can use leaf detritus as a source of energy. However, they are not typical shredders in a functional sense and are therefore considered opportunistic (Canhoto and Graç a, 1999) . Thus, the family Chironomidae can be an important group for the decomposition of leaf detritus in streams (Ligeiro et al., 2010) .
The objectives of this study were as follows: (i) to analyse the influence of leaf-litter species and the chemical quality of these litter types on colonisation by chironomid larvae (sorted by taxonomic and functional feeding groups) and (ii) to study the influence of detritus degradation over time on the community composition of Chironomidae. Our hypothesis was that the community composition of Chironomidae would change in response to the breakdown of leaves over time. In addition, we expected the chemical quality of the detritus to be important for colonisation by Chironomidae.
Materials and methods

Study area
The study was conducted in a second-order stream, a tributary within the Suzana River basin in the northern region of Rio Grande do Sul, Brazil (27 • 36 43.7 S, 52 • 13 47.3 W; 734 m a.s.l.). The average annual temperature of the study area is 17.6 • C, and the average annual rainfall is 1912 mm. The vegetation in the riparian zone is an extension of the Atlantic forest domain (Oliveira-Filho et al., 2006) , representing a transition between semideciduous forest and Araucaria forest (Budke et al., 2010) . The riparian vegetation on the banks of the creek includes Araucaria angustifolia (Bertol.) Kuntze, Ocotea puberula (Rich.) Nees, Cabraela canjerana (Vell.) Mart., Nectandra megapotamica (Spreng.) Mez., Sebastiania brasiliensis Spreng. and Campomanesia xanthocarpa O. Berg.
The studied stream is approximately 2 m wide and 0.3 m deep. During the experimental period, the stream mean current velocity was 0.72 ± 0.15 m s −1 (average ± SD). The average water temperature was 20.0 ± 1.1 • C, and the conductance was 62.0 ± 1.0 S cm −1 . The pH of the water was virtually neutral (7.62 ± 0.47), and the stream was well oxygenated (9.21 ± 0.75 mg L −1 ). The concentrations of dissolved NO 2 and PO 4 were low (< 8 g L −1 and < 0.1 g L −1 , respectively).
Experimental procedures
Senescent leaves of Sebastiania brasiliensis Spreng. (Euphorbiaceae) and Campomanesia xanthocarpa O. Berg (Myrtaceae) were used. These two arboreal species are native and common in the region and common in the riparian vegetation of the study area. S. brasiliensis is a semideciduous species, whereas C. xanthocarpa is evergreen. The leaves of the two species are morphologically similar and measure ca. 3 cm × 8 cm. Senescent leaves were collected in the spring of 2009 after they fell from trees near the experimental site. The leaves were then dried in an air circulation oven at 45 • C and stored until use. Dried leaf samples (2.5 ± 0.1 g) of both species were weighed and then placed in coarse mesh litter bags (15 cm × 20 cm; 10 mm mesh). At the beginning of November 2009, 16 litter bags of each leaf species were placed in the stream under similar conditions of turbulence and water flow. At 3, 7, 14 and 22 days of incubation, 4 litter bags of each species were randomly retrieved from the stream, placed in individual plastic bags and transported to the laboratory. The samples were rinsed into a 0.25 mm mesh sieve to remove sediment and associated invertebrates. The leaf litter was used as a source of organisms and for chemical analysis. The leaf mass loss was reported as a percentage of AFDM (ash free dry mass) gravimetrically after incineration in a muffle furnace at 550 • C for 4 h.
To identify the Chironomidae, the larvae were immersed in a 10% KOH solution for 4 h for bleaching. Semi-permanent foils were then made with a Hoyer solution, and the organisms were analysed by optical microscopy (magnified 1000×). The identification was made to the genus level with the Trivinho-Strixino and Strixino (1995) and Epler (2001) identification keys. The functional feeding groups (FFG) were classified according to Merritt et al. (2008) .
Leaf chemical composition
The detritus samples (four replicate per day of incubation) were dried (45 • C, 24-48 h) and ground to 1 mm in a knife grinder for the chemical analysis. The organic matter (OM) content was determined gravimetrically after incineration in a muffle furnace at 550 • C for 4 h. To emphasise the important chemical constituents of the leaves, we quantified the concentrations of calcium, potassium, and magnesium. This inorganic material resulting from the incineration was diluted with HNO 3 (1 mol L −1 ), and analysed by atomic absorption spectrophotometry. The leaf carbon content was estimated under the assumption that 47% of the leaf consisted of organic matter (Westlake, 1963) . The total nitrogen content was determined by the Kjeldahl method, and the total phosphorus was determined through reaction with ascorbic acid (Flindt and Lillebo, 2005) . The total polyphenolics content was determined by the Folin-Ciocalteu method (Graç a et al., 2005) .
Data analysis
The breakdown rates (k day −1 ) were determined from a non-linear regression by fitting a negative exponential model (W t = W 0 e −kt ) to the data (Webster and Benfield, 1986) . The slopes (k) were compared with a covariance analysis (ANCOVA; considering the incubation time as the covariate) to test for differences in the breakdown rates. We used a t-test to assess differences in chemical composition between the two species for each experimental day.
For the data analyses, the values of the chironomid density (organisms per remaining plant mass during all experimental trials) were first transformed (log [x + 1]). The dissimilarity between samples was evaluated with a cluster analysis based on the Bray-Curtis distance. To identify indicator genera for different periods of decay and for the two species, we used the indicator species analysis method, proposed by Dufrêne and Legendre (1997) . The ratio of the dissimilarity of the chemical composition of the leaf detritus to the dissimilarity of the functional and taxonomic composition of Chironomidae was evaluated with BioEnv analysis (Clarke and Ainsworth, 1993) . This analysis compared the Bray-Curtis dissimilarity matrix generated by the chironomid composition data with a similarity matrix (Euclidean distance) for the chemical variables determined for the plants. A Spearman rank correlation coefficient was used to compare the matrices. The chemical variables determined for the detritus were combined in increasing levels of complexity until the model that best explained the relationship between the chironomid composition and the chemical quality of the detritus was obtained. To evaluate the correlation between the chemical composition of the detritus and the taxonomic and functional dissimilarity of Chironomidae, a Mantel test was used. This test was based on a Bray-Curtis dissimilarity matrix and the organism density data with 1000 randomisations. To evaluate differences in density and the functional feeding groups of Chironomidae between the leaf species, an analysis of variance (two-way ANOVA) was used. All analyses were performed using the "vegan" package (Oksanen et al., 2010) in R software (R Development Core Team, 2010) .
Results
The leaves of Sebastiania brasiliensis showed higher percentages of mass loss than Campomanesia xanthocarpa during the entire breakdown process. The breakdown rates were significantly higher for S. brasiliensis than for C. xanthocarpa (ANCOVA, F 3,36 = 305.2; P < 0.001). After 22 days of incubation, the leaf breakdown rate of S. brasiliensis (23% AFDM remaining, k = −0.0663 ± 0.0101 day −1 ) was 3 times higher than that of C. xanthocarpa (59% AFDM remaining, k = −0.0214 ± 0.0056 day −1 ) (Fig. 1) .
We identified a total of 7245 invertebrates associated with the leaf detritus of both leaf species. Among the organisms, 5110 were Chironomidae (70.7% of the total). Thirteen genera of Chironomidae were identified, with Rheotanytarsus Thienemann and Bause in Bause, 1913 , Thienemanniella Kieffer, 1911 , and Corynoneura Winnertz, 1846 , the most abundant, representing 94% of all larvae collected (Table 1) . Four functional feeding groups were found: gathering-collectors (52% of the total Chironomidae larvae), filtering-collectors (44.7%), shredders (2.2%) and predators (1.1%) (Fig. 2) . Among the identified genera, only Polypedilum and Cricotopus were typically shredders. In addition, the density of the functional feeding groups collector-gatherers and collector-filterers differed between the two leaf species (F 3,28 = 37.4, P < 0.001; F 3,28 = 36.2, P < 0.001, respectively).
A cluster analysis revealed that the chironomid assemblages changed with the exposure time of leaves in the stream (Fig. 3) . This analysis separated three distinct phases of the colonisation 
0.75 ± 1.5 0.5 ± 0.57 1.25 ± 2.5 1.75 ± 1.5 1 ± 1.41 3 ± 2.16 2 ± 1.15 2.5 ± 2.38 process of leaf breakdown: the early stage (3 days), the intermediate phase (7-14 days) and the advanced stage (22 days). However, this pattern was more apparent for S. brasiliensis. The analysis showed that Corynoneura (value indication = 0.58, P = 0.01) and Thienemanniella (value indication = 0.45, P = 0.01) were indicators of the intermediate phase of detritus colonisation, whereas Rheotanytarsus indicated the advanced stage (value indication = 0.50, P = 0.002) (Fig. 3) . The functional composition of the chronomid assemblage could be explained by the chemical composition of the detritus (Table 2) . The chemical components that best explained the composition of the invertebrates were total phenolics, the C:N ratio, calcium and magnesium (r = 0.48; Table 3 ). In addition, the dissimilarity of the functional feeding groups was explained by the OM content and the C:N ratio (r = 0.60) ( Table 3 ). The Mantel test showed a significant correlation between the chemical composition matrix of the detritus and the taxonomic composition matrices (r = 0.45, P = 0.001) and FFG (r = 0.50, P = 0.001).
The density of Chironomidae differed between the two studied tree species (F 1,29 = 11.71; P = 0.001). S. brasiliensis leaf litter exhibited a higher density of Chironomidae (151.7 ± 110.0 ind g −1 DM) than C. xanthocarpa leaf litter (72.7 ± 59.9 ind g −1 DM). The density of shredders and predators was similar between the two leaf types (F 3,28 = 1.32, P = 0.29 and F 3,28 = 0.35, P = 0.78, respectively).
Discussion
The decay rates of Campomanesia xanthocarpa and Sebastiania brasiliensis can be considered rapid according to the classification of Petersen and Cummins (1974) . The decomposition rates obtained are among the highest observed for subtropical streams (Hepp et al., 2008) and tropical streams Moretti et al., 2007) . The similarity of leaf size in the two species was not a major factor in the decomposition of the detritus. The differences observed were related to the variation between the species in the chemical structure of the leaves. The difference between the final weight of the two species is related to the chemical characteristics of the composition and texture of the species. The leaching of soluble compounds was responsible for the initial mass loss of both leaf species, as observed in tropical and subtropical streams (Gonç alves et al., 2006; Hepp et al., 2008) . The rapid breakdown rates of S. brasiliensis relative to those of C. xanthocarpa may be explained by the high concentrations of nitrogen in the former species. Senescent leaves of S. brasiliensis had a higher nitrogen content. The increase in leaf nitrogen concentration observed in this species may indicate that fungi colonised the leaves . This increase leads to an increment in nutritional quality and improves the palatability of the detritus to invertebrates (Mathuriau and Chauvet, 2002) .
The Chironomidae community sampled in this study was represented primarily by the genera Rheotanytarsus, Thienemanniella and Corynoneura in both leaf species. Although they are not typical shredders, these genera were observed to be the dominant groups in leaf litter in other studies (Henriques-Oliveira et al., 2003; Hepp et al., 2008) . Henriques-Oliveira et al. (2003) analysed the stomach contents of these genera and found that the quantity of detritus exceeded 90% of the total content in all of the genera examined. The association among these genera could be facilitated by the stability provided by the litter bag because these organisms are commonly found in rocks and riffles (Hepp et al., 2008) . However, chironomids are dominant in many environments. The Chironomidae are not typically shredders and can be important in the breakdown process (Moretti et al., 2007) . The community of Chironomidae showed a clear temporal organisation. A recent study by Ligeiro et al. (2010) , conducted in a stream in the Brazilian Cerrado, found that the incubation time of leaves affected the structure and composition of the aquatic invertebrate fauna. This finding suggested that a successional process controlled the outcomes of colonisation. We observed that the leaf species studied supported different densities of Chironomidae and that these differences changed during the course of the incubation. Furthermore, chemical changes in the quality of the remaining detritus in the course of decomposition may be regulating the sequence of chironomids in the community.
The same studies demonstrate the importance of fungi, particularly aquatic hyphomycetes, in the breakdown process in Neotropical regions. These organisms produce enzymes that degrade structural polysaccharides such as cellulose. The result of this activity is highly nutritious and more palatable detritus (Wantzen et al., 2008) . The collectors Corynoneura and Thienemaniella characterised the intermediate stage of the process of colonisation and decomposition, the stage with the highest density of chironomids. The high representation of chironomids in this period can be explained by the steady release of fine particulate organic matter by the fragmentation of the initial detritus (Gonç alves et al., 2003) . These processes contribute to release nutrients that become available for uptake by the organisms present (Gessner et al., 1999) . The advanced stage was indicated by the sink-strainer Rheotanytarsus, which in turn may use the habitat provided by leaves and may capture organic material to build cocoons (Trivinho-Strixino and Strixino, 1995; Hepp et al., 2008) . Furthermore, the advanced stage was characterised by the greatest density values of organisms found during the entire experiment in both species. This finding indicates that the species in the advanced stage can also provide other resources, including habitat and food, to the biota. These trophic groups are food sources for predators such as Pentaneura. The density of gatherer-collectors and filterercollectors differed among the plant species. Both functional groups were more represented in C. xanthocarpa detritus, which showed the highest values of OM and the C:N ratio. The trophic interactions between these aquatic invertebrates help clarify the importance of the dynamics of allochthonous organic material for the food web of the chironomid assemblage.
During the experiment, the nutritional quality of S. brasiliensis was higher than that of C. xanthocarpa. This difference may be the reason for the higher density of larvae associated with S. brasiliensis. However, C. xanthocarpa showed higher average values of OM and the C:N ratio. The C:N ratio was an important factor for the taxonomic and functional composition of the Chironomidae. This relationship can be explained by the availability of nutrients to the larvae because a low ratio of carbon to nitrogen can improve the palatability of leaf detritus to the consumers (Greenwood et al., 2007) . Phenols were an important influence on the dissimilarity of the Chironomidae community. These compounds represent important chemical defences against herbivory (Wantzen and Wagner, 2006; Hepp et al., 2008 Hepp et al., , 2009 Ligeiro et al., 2010) and are generally present in tropical plant species (Ardón and Pringle, 2008; Wantzen et al., 2008) . Typically, leaf detritus with high nutrient concentrations and low concentrations of secondary compounds represents an attractive food for the Chironomidae (Wantzen and Wagner, 2006) . Secondary compounds may exert a repellent effect on organisms, reducing the density of invertebrates and scavengers (Canhoto and Graç a, 1999; Hepp et al., 2008 Hepp et al., , 2009 ).
According to Wantzen and Wagner (2006) , certain omnivorous invertebrates can perform the important function of detritus shredding. It is possible that many Chironomidae can use leaf detritus as a source of energy, as reported by Callisto et al. (2007) . Thus, the Chironomidae, even those that typically belong to the collector functional group, may eventually become shredders, complementing their diet with detritus. By participating in the fragmentation and decomposition of the leaf detritus, these larvae become important to the trophic relationships of the streams. However, more studies of the feeding activity of these invertebrates are necessary. Previous studies have concluded that shredders are scarce in the tropics. However, the occurrence of shredders may be underestimated Moretti et al., 2007; Ligeiro et al., 2010) .
We conclude that the chemical quality of the detritus affects the Chironomidae assemblage. We realise that the nutritional quality of the detritus changes with the exposure time in the stream due to the release of soluble compounds. In this way, the nutritional properties of the detritus may determine the succession of the Chironomidae. The Chironomidae participate in nutrient cycling and trophic interactions. Because they are present in high densities in association with detritus, the Chironomidae must be considered as participants in the process of decomposition.
